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Abstract

This project aims to build a device that could be placed in study rooms to let students know if the
room is occupied or not. We have successfully built this product that uses a motion sensor to
detect the presence of users in the room and relays this information to an online database that
students can access from their phones anywhere in the world. This document details the

motivation, design, outcome, and cost of the product created.

i



Table of Contents

1. INErOdUCHION..ccuueeeniietinineitecitecsneiseessseesneessessssssssessssessssssssssssessssssssnsssassssasssssssassssassssassssessases 1
Lo PTOBIEIM. .ttt sttt ettt sttt ettt 1
1.2 SOIULION. ...ttt ettt ettt ettt st et s bt et s e s bt et e it s be et natens 1
L3 VISUAL A ..ottt sttt ettt et ettt 2
1.4 High-Level TeqUITEMENES. ......cccueeiieeiieriieeiieeite et et et e sieeeteesteebeesereebeesaaeenseessseenseennsaens 2
1.5 SUDSYSEIM OVEIVIEW.....eeiuiiiiiiiiiieiie et ette ettt et ettt et e et e esseesabe e aaeesbeesseesnsaessnesnseennnas 3

L.5.1 POWET ...ttt ettt et e b e st e sb e et et e e e 3
L.5.2 S@ISING...ieiiieiiieiie ettt ettt ettt ettt et et e et e e bt e sabe e beeeabeenbeesnbeenbeesnbeenseennneenseens 4
1.5.3 CONIOLIET ...ttt ettt sttt e 4
L.5.4 LAGREING. .. oiiiiiiieeieeee ettt ettt ettt e et e st e e bee st e eseeenteenneeenseenees 4
1.5.5 USET INtEITACE. ....ecueiiieiiiiiiciieieeee ettt s 4

2. DISIGNcuueiicrunricsnrcnsssncssnnessnnesssssosssssossssssssssssssssesssssesssssesssssesssssesssssessssssssssssssssssssssssssssssssssssssanes 5

2.1 POWET SUDSYSIEIM....cuuiiiiieiiieeiieeiie et ettt ettt ettt e sat e e bt e saaeenteesateenseesnseenseesnneenseennns 5
2.1.1 Linear REGUIALOT. ......ccuiiiiiiiiieiieeie ettt ettt e e e ebeeaee e 5
2.1.2 TOlETanCe ANALYSIS......ccuieruieriieeiieiieeieeriee ettt e teetteste et e saeeesbeessbeenbeessseenseesnneenseas 6
2.1.3 Design ISSues & AIEINAtIVES........ceruiiiiieriieeiieiie ettt ettt et e e ees 7

2.2 SENSING SUDSYSLOIM......eiiiiiiiiieiiieiieeiie ettt ettt et e et e e bt e sbe e teesabeenseesnseenseesnseens 7
2.2.1 PIR SISO ..c...iiiiiiiiiiiieiteeite ettt ettt ettt ettt ettt st e sae e et e e 7
2.2.2 Design ISSues & AIEINAtIVES........ceiuiiiiieiieeiiesiie et eite ettt ettt e aee e enes 8

2.3 CoNtroller SUDSYSTEML.....cciuiiiiieiiieiieite ettt ettt ettt e et e teeebeesatesabeesseesnbeesseesnseensaesnseas 9
2.3.1 ROOM OCCUPANCY ....ceeurieeiiieiiiiesiieeeiteeetteeeitteesteeesiteeessteesbteesseeesaseeessseesnsneesssseesnns 9
2.3.2 DAIMINIET ...ttt ettt ettt ettt ettt ettt et ebe et e et s bt e bt et e e bt e bt et e saee bt et e estenbeentes 9
2.3.3 Design [Ssues & AIEINAtIVES........ceiuieriieiieniieiieeie ettt ettt et ste e 10

2.4 Lighting SUDSYSEIM...cc.uiiiiiiiiiiiieiie ettt st ettt e et e s ebeeseesaaeenee 10
2.4.1 Detecting the Zero-CrOSSING..........ceeuieruierieeniieeieeniieseeeieesteeteesaeeseesieeeseeseeesseas 11
2.4.2 Dimming the Light Bulb.........ccccooiiiiiiii e 11
2.4.3 Design [Ssues & AIEINAtIVES........cciuieriieiieniieeiieete ettt ettt site et sbe e ens 13

2.5 USET INTETTACE. ....eviiiieiieeiteteee ettt sttt sttt 13
25,1 SEIVET ...ttt ettt ettt ettt et ae e e re e 13
2.5.2 Design [Ssues & AIEINAtIVES........ceiuieiiieiieeiiieieecie ettt ettt et et 14

2.0 PCB DESIZN....c.uiiiiiiiiieiieeit ettt ettt ettt et ettt et e et e et e st e e bt e eabeeseeenseeseasnseenseesnnaans 15

R 4 1 (e 15 11) 1 PO 16
I B 1S 11 o LU PRUPORUSRPRRRI 16
3.2 CONILOIIET ...ttt ettt sttt s bt e b et e sbeeae s 17

3.3 LAGIEINE. ..ottt ettt et et e st e ettt e e bt e et e e bt e eabeeaeeenbeennes 19



R T T o 0 1 PSPPSR 22
4. Cost aNd SChedUle......uuuiiouiiiinnniiiiiiiisiiiisiicniniicssniisssnicsssnessssnessssnessssnesssssesssssessssssssssssssssssssss 23
4.1 COSE ANALYSIS. c.euiiiieieeitesteeeet ettt ettt ettt sttt ettt et ebe et et saee bt eane s 23
4.2 SCREAUIC.......oeieeiiecee ettt e e e et e e st e e e b e e et be e e aae e e nbeeenreeeareeans 23
ST O71) 11U L1 11 | PP 24
References 26
APPENUIX A..iirrrnniecsssseniesssssnsecssssassesssssssssssssssssosssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssassssssss 27
Requirement and Verification Table...........cccviiiiiiiiiiiiciicceeceeee e 27
Cost ANalysis Table.........coiiiiiiiiiiiiiiee ettt 30

SCREAUIE. ... et e e e e et e e e e e e e e e e e e e e e e e e e e e eaaaeeeeeeeaeennas 31



1. Introduction

1.1 Problem

The Electrical and Computer Engineering Building (ECEB) offers a limited number of study and
discussion rooms across its five floors, which prove invaluable for students aiming to collaborate
on assignments, prepare for exams, or engage in general study sessions. There is currently no
system in place to identify vacant rooms and as a result, each day students tirelessly go back and
forth, scouring each floor in hopes of finding an empty study room. Worse still, there are also
many students who travel all the way to the ECEB only to discover that all rooms are occupied

forcing them to then seek alternatives in different buildings.
1.2 Solution

Our proposal presents a solution aimed at enabling students to easily and conveniently check
room availability via a website. We plan to implement a system that will replace the existing
motion sensor and automation infrastructure. Our proposed system not only retains the current
capabilities of automatically controlling room lighting based on occupancy and adjusting
brightness levels but will also seamlessly transmit real-time occupancy data to a central server
using Wi-Fi, allowing students to conveniently view room availability information from their

smartphones or laptops on a website anytime/anywhere.
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Figure 1: Final product along with website shown on phone



1.3 Visual Aid
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Figure 2: High-level illustration of our project [1][2]

1.4 High-Level requirements

e The lighting system should activate within three seconds upon detecting the presence of a
user in the room. The light should turn off automatically after a five-minute period when
the user leaves the room. The lights activating act as a signal that the room is occupied.
This is also a current feature of the study rooms that we want to replicate.

e Users should be able to adjust the light's brightness from dim to its maximum intensity
using a dial/slider. (Demonstrable by displaying three distinct brightness levels: dim,
intermediate, and bright.) This requirement is also a current feature of the study rooms
that we want to replicate. Different students have different brightness preferences and this
allows the study rooms to be appealing to more people.

e Any changes in room availability should be reflected on the webpage within 10 seconds.
This requirement will allow us to display the room occupancy data to the user in real

time.



1.5 Subsystem Overview
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Figure 3: Block diagram depicting interactions between modules

1.5.1 Power

This subsystem powers the hardware subsystems of this project (Sensing, Controller, Lighting).

For the prototype, the system will be powered by an AC power outlet. The power subsystem uses



an AC to 3.3 V DC converter to create a 3.3 V rail. This rail will be used to power the

microcontroller, dimmer circuitry, and motion sensor.

1.5.2 Sensing

The sensing sub-system is responsible for determining room availability. It makes use of a PIR
(Passive Infrared) sensor to detect changes in heat energy emitted in the room. When movement
is detected, this subsystem sends a pulse to the controller to inform it that there is activity in the

room.

1.5.3 Controller

This subsystem acts as the brains of the project and makes use of an ESP32 Microcontroller. It
receives data from the sensing module to determine if the room is occupied or not and sends this
data to the User Interface subsystem to be displayed on the website. Using a dial, the controller
determines how bright the user wants the lights and accordingly sends pulses at a constant rate to

dim the lightbulb.

1.5.4 Lighting

This submodule is responsible for turning on/off the lightbulb and allowing the user to adjust its
brightness using a potentiometer dial. This circuit receives pulses from the controller and

accordingly adjusts the duty cycle of the lightbulb to change its brightness.

1.5.5 User Interface

The User Interface subsystem allows the user to view which rooms are available/occupied from
anywhere in the world. This consists of a website running on an AWS (Amazon Web Services)
Linux server. It receives the occupancy data sent from the controller and automatically updates

the table with that information in real-time.



2. Design

2.1 Power Subsystem

2.1.1 Linear Regulator

The power subsystem is responsible for powering the various subsystems in the project with 3.3
V. For this we make use of a linear regulator. We input a voltage of 9 V from a 9 V battery, and
3.3 V is outputted by the regulator. Since we make use of an adjustable voltage regulator, it
requires two external resistors to adjust the output voltage. Based on (1) we chose to use R1 =

200 © and R2 =330 Q. Figure 4 describes how the resistors are connected to the linear regulator.

%4 = 1.25 (1 + 2)
our = L.&o- _R
1 (D

To validate that the linear regulator did output 3.3 V we measured the voltage across the output
pin of the regulator using a voltmeter and observed that the voltage fell within our required

threshold (3.3 V £ 0.3). Shown in Fig. 5, we can see the output of the voltmeter.
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Figure 4: Circuit diagram of a voltage regulator[3]



Figure 5: Output of linear regulator

2.1.2 Tolerance Analysis

Required Output: 3.3 V
Battery Headroom: 9 V-33 V=57V
Dropout Voltage: 0.4 V
Power Dissipation:
Iout * (Vin — Vout) =0.12 * (9-3.3) = 0.684 W 2)
Thermal Resistance:
T =iou™ (Vin- Vou) * (0) 3)
=0.12*5.7*% 96 = 65.66 °C
Max Operation Temperature: 110 °C

Therefore, we are within operable limits.

Table 1: Voltage dropouts for linear regulator[4]



lout = 10mA - 5 8

Vorop Dropout Voltage lout = 300mA - 125 200 mV

lout = 600mA - 250 400

2.1.3 Design Issues & Alternatives

We required a 5 V power rail to power the PIR Sensor Module we initially planned on using. We
therefore decided to use an AC-DC 5 V converter to create the 5 V power rail, and then make use
of a linear regulator to step the 5 V down to 3.3 V. However after switching to the bare PIR
Sensor, the 5 V power rail was no longer necessary and we instead decided to use an AC-DC 3.3
V convertor. However this component did not get delivered and as a result, we ended up

designing a linear regulator that would be powered by a 9 V battery and would output 3.3 V

2.2 Sensing Subsystem

2.2.1 PIR Sensor

To detect activity in the room, we make use of a PIR Motion Sensor labeled BS-412. This
module has two Infrared sensors placed a small distance apart. When there is no movement in
the room, both sensors detect the same infrared waves at the same time, and the module outputs a
0 V (digital low) signal. If there is movement in the room, the sensors detect the changes in
infrared at slightly different times. When this happens, the module outputs a 3.3 V Digital High
pulse to the microcontroller. To confirm the sensor's functionality, we connected the output of the

sensor to the oscilloscope. Shown below in Fig. 6 is the waveform seen on the oscilloscope



We initially kept the sensor covered such that it would not detect motion. This corresponds to the
initial low signal seen in the wave. We then uncovered the sensor and allowed it to detect motion
which resulted in the pulse seen in the wave. We then covered the sensor again, resulting in a low
signal towards the end. Once we were confident that the sensor was functioning, we then

interfaced it with the microcontroller.

--l---l--
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Figure 6: Pulse sent by PIR sensor indicating movement

2.2.2 Design Issues & Alternatives

We initially intended to use a PIR Sensor Module for motion detection which required a 5 V
power supply. This module included various peripherals and an on-board processor. Upon further
research, we realized that we could offload the processing to our main microcontroller.
Consequently, we opted to switch to a bare PIR sensor. This decision not only reduced costs
significantly due to the lower cost of the bare sensor but also eliminated the need for a 5 V power
rail in our project. This then allowed us to simplify our power submodule leading to further cost

reduction while maintaining the intended functionality.



2.3 Controller Subsystem
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Figure 7: PCB schematic for Controller subsystem

2.3.1 Room Occupancy

The microcontroller we are using is an ESP32-S3 WROOM due to its WiFi capabilities. The
microcontroller receives occupancy data via a 1-bit digital logic output from the sensing module.
This data is subsequently passed on to the AWS server via HTTP (Hypertext Transfer Protocol).
The data sent by the controller is a tuple that looks like: [Room Number, Status (0/1)].

2.3.2 Dimmer

The second function of the controller is to read the brightness level indicated by the
potentiometer dial and accordingly dim the lightbulb. To accomplish this, it receives two pieces
of information from the Lighting subsystem: a 1-bit signal at every zero-crossing of the AC

wave, and the potentiometer reading. When there are people in the room, it sends a pulse back to



the dimmer circuitry. This signal is fired at a constant rate: at a specific phase measurement after
the zero-crossing of the alternating current. The phase at which the signal is fired is inversely
proportional to the potentiometer reading. The importance of the phase is elaborated in the

lighting module overview below.
2.3.3 Design Issues & Alternatives

We initially encountered challenges in programming the microcontroller on the PCB. Despite
thorough checks for electrical shorts and a review of all component values, we were not able to
identify any errors. After reading through online forums and data sheets and consulting with
Teaching Assistants we realized the error was due to an incorrectly populated resistor. After

removing the resistor we were able to program the microcontroller.

2.4 Lighting Subsystem
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Figure 8: KiCad circuit diagram for the Lighting module [5]
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2.4.1 Detecting the Zero-Crossing

For the controller to know when a pulse needs to be sent, it needs to know when the
zero-crossing of the AC wave occurs. To do this, we utilize a full bridge rectifier and a
photocoupler (left portion of Fig. 8). The rectifier converts the AC wave to a modulating DC
wave. By feeding this into a photocoupler, the output voltage is high at all points except when
the original wave crosses zero. Thus what results is a trapezoidal wave where each falling edge

corresponds to a zero-crossing as shown in Fig. 9.
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Figure 9: Diagram depicting zero-crossing detection logic
2.4.2 Dimming the Light Bulb
To make the bulb shine less brightly, we modulate the duty cycle of the current going to the bulb

via a Triac. The triac is a component that allows current to pass through when it receives a pulse.

This current will then pass until it changes direction, at which point the triac will require another

11



pulse. By increasing the potentiometer value, the microcontroller could be told to send the signal
at an earlier phase in the AC wave, thereby supplying more power to the bulb and making it

shine brighter.
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Figure 10: Oscilloscope reading showing pulse generated shortly after zero-crossing (bright bulb)
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Figure 11: Oscilloscope reading showing pulse generated long after zero-crossing (dim bulb)

12



2.4.3 Design Issues & Alternatives

Our lighting submodule employs a full bridge rectifier to convert incoming AC current into a DC
pulsating wave. When we observed the output signal of the rectifier on the oscilloscope, the
signal did not match up with the expected waveform. We then examined our circuit schematic
and noticed that the rectifier orientation was incorrect due to a labeling error on the PCB. Upon
identifying this discrepancy, we proceeded to re-solder the rectifier in its correct orientation.

Following this correction, we successfully observed the expected signal.

2.5 User Interface

2.5.1 Server

Since we want the students to be able to access the room availability data from home, we have
our website running on an AWS Linux server. The backend of this website consists of two
routes: Update Status and Get Status. Whenever the controller sends room occupancy data via
HTTP, it is received by the update route which subsequently modifies the database. Every two
seconds, the get status route polls the database for any changes in room status. If there is a
change, the corresponding row in the table is modified to reflect it. The final website would look

as follows for the user:

13
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Figure 12: Screenshot of website

2.5.2 Design Issues & Alternatives

We initially decided to use a Google sheet as our online database. However, we realized that

Google places a limit on the frequency at which a program can update the Google sheet. This

limited the refresh rate of our website. As a result, we decided to switch our database to a JSON

file stored on an AWS server instead, where we no longer faced such limitations.
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2.6 PCB Design

Figure 13: Final PCB layout on KiCad
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3. Verification

In this section, we will go over the various subsystem requirements, test plans to verify these
requirements, and the results of these tests. A comprehensive list of these requirements and

verification is included at the end of the document in Appendix A.
3.1 Sensing

The PIR sensor outputs a 3.3 V 1-bit Digital pulse when motion is detected, and outputs a 0 V
digital signal otherwise. To validate the functionality of the sensor, we outlined two

requirements.

Requirement 1: The PIR sensor should output Logic Low (0 V) when there is no human present.
In order to test this, we connected the output of the PIR sensor to an oscilloscope. We then
covered the sensor such that it would not detect any motion and observed a logic low signal on
the oscilloscope. Outlined in Table 2 below are the results of this test which show that the

requirement was satisfied.

Table 2: Testing results for the first sensor requirement

Test | Low pulse observed? | Test | Low pulse observed?
1 Yes 6 Yes
2 Yes 7 Yes
3 Yes 8 Yes
4 Yes 9 Yes
5 Yes 10 Yes

16



Requirement 2: The PIR sensor module should output 3.3 V (£0.3 V) digital pulse when a human
is detected. To test this, we connected the output of the PIR sensor to an oscilloscope. We then
simulated motion over the sensor and observed a logic high signal on the oscilloscope. We also
attached a voltmeter to the output of the sensor to measure the outputted voltage. Outlined in

Table 3 below are the results of this test which show that the requirement was satisfied

Table 3: Testing results for the second sensor requirement

Test | High pulse [ Observed | Test | High pulse | Observed
observed? Voltage observed? | Voltage

1 Yes 3293V 6 Yes 3.294V
2 Yes 3293V 7 Yes 3.294V
3 Yes 3.293V 8 Yes 3293V
4 Yes 3.294V 9 Yes 3293V
5 Yes 3293V 10 Yes 3.293V

3.2 Controller

The microcontroller receives availability data from the PIR sensor. When motion is detected, the
microcontroller sends pulses at a constant frequency of 60 Hz to the lighting module to turn the
light on. When no motion is detected, the light must remain off and no pulses are sent. To

validate the functionality of the microcontroller, we outlined two requirements.

Requirement 1: Upon receiving a 3.3 V pulse from the sensing submodule, the ESP32 should
output a 3.3 V digital signal pulse to the lighting module at a constant rate for 5 minutes (= 10
sec). In order to test this, we connected the output of the GPIO pin that sends pulses to the

oscilloscope. We then observed the pulses and ensured that it was being sent a frequency of 60

17



Hz for a fixed period. Outlined in Table 4 below are the results of this test which show that the

requirement was satisfied

Table 4: Testing results for the first controller requirement

Test | Pulse sent at constant rate | Test | Pulse sent at constant rate
for 15 s? (Reduced for 15 s? (Reduced
duration for testing duration for testing

purposes) purposes)
1 Yes 6 Yes
2 Yes 7 Yes
3 Yes 8 Yes
4 Yes 9 Yes
5 Yes 10 Yes

Requirement 2: After not receiving a pulse from the PIR sensor for 5 minutes (+ 10 sec), the
ESP32 should output a constant 0 V digital signal to the lighting submodule to turn the light off.
To test this, we connected the output of the GPIO pin that sends pulses to the oscilloscope. We
covered the PIR sensor to ensure no motion was being detected and observed a steady output of
0 V. Outlined in Table 5 below are the results of this test which show that the requirement was

satisfied

18



Table 5: Testing results for the second controller requirement

Test | Stops sending pulse once | Test | Stops sending pulse once
room is unoccupied? room is unoccupied?
1 Yes 6 Yes
2 Yes 7 Yes
3 Yes 8 Yes
4 Yes 9 Yes
5 Yes 10 Yes

3.3 Lighting

The lighting submodule is responsible for toggling the light on/off as well as adjusting the

brightness of the light. To validate the functionality of the sensor, we outlined two requirements.

Requirement 1: When a 0 V signal is sent to the Diac in the lighting module, the bulb should be
unlit. To test this, we sent a 0 V signal to the Diac from the microcontroller and confirmed that

the bulb remained off. Outlined in Table 6 below are the results of this test which show that the

requirement was satisfied

Table 6: Testing results for the first lighting requirement

Test Bulb remains unlit Test Bulb remains unlit
1 Yes 6 Yes
2 Yes 7 Yes
3 Yes 8 Yes
4 Yes 9 Yes
5 Yes 10 Yes
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Requirement 2: Tuning the Potentiometer modifies the brightness of the bulb. To test this, we
connected the bulb to the output, gradually tuned the potentiometer from low to high, and
ensured that the bulb's brightness went from dim to bright. Outlined in Table 7 below are the

results of this test which show that the requirement was satisfied

Table 7: Testing results for the second lighting requirement

Test | Brightness varies from dim to bright | Test [ Brightness varies from dim to bright
1 Yes 6 Yes
2 Yes 7 Yes
3 Yes 8 Yes
4 Yes 9 Yes
5 Yes 10 Yes

20



3.4 User Interface

The user interface receives occupancy data from the microcontroller and accordingly updates a

database and the website. To validate that the subsystem is working we outlined one requirement.

Requirement 1: The website update lag should be within 10 seconds. To validate this, we sent an
HTTP post request from the microcontroller, started a stopwatch, and stopped it as soon as the
website refreshed with the updated information. The graph below indicates our results, and

validates our requirements
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Figure 14: Testing results for the user interface requirement
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3.5 Power

The power subsystem is responsible for providing 3.3 V to the various components in the

project. To ensure that this subsystem functions as intended, we have outlined one requirement.

Requirement 1: The linear regulator should be able to output 3.3 V (£0.3 V). To validate this
requirement, we connected a voltmeter to the output of the linear regulator and observed the
readings. Outlined in Table 8 below are the results of this test which show that the requirement

was satisfied

Table 8: Testing results for the power subsystem requirement

Test [ Observed Voltage | Test | Observed Voltage
1 3.298V 6 3.296 V
2 3297V 7 3297V
3 3297V 8 3297V
4 3297V 9 3.298 V
5 3.294V 10 3297V

22



4. Cost and Schedule

4.1 Cost Analysis

e Labor
o Salary per hour per person: $40
o Total number of hours per person on project: 60
o Team members: 2

o Total Labor Cost: 40 * 2.5 * 60 * 2 =$12000

o Cost of parts: $85.76 (Full breakdown in Table 10 in Appendix)
o 5% shipping: $4.29
o 10% sales tax: $8.58
o Total cost of parts: $98.63
e Final Cost

o Labor + Parts: 12000 + 98.63 = $12098.63

4.2 Schedule

In order to complete this project, we have split up the work evenly and created a schedule to
complete tasks. We have successfully adhered to this schedule and completed the project on

time. Full details of the schedule are available in Table 11 in the appendix.
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5. Conclusion

In conclusion, we have successfully prototyped and developed a fully functioning lighting
system for the ECEB Study rooms. This system ensures that the real-time availability status of
study rooms is accurately reflected on the website. Moreover, the lights automatically turn on or
off based on room occupancy and incorporate the added functionality of dimmable lights. We
have effectively met all three of our high-level requirements: the website promptly reflects any
change in availability within 10 seconds, the room lights activate within 3 seconds of a person
entering the room, and users can easily adjust the brightness of the lights. We have successfully
satisfied all subsystem-level requirements. In addition, the PCB functioned as intended, and no

external modules were required for the system's operation.

During the course of our project development, we encountered several challenges, all of which

were ultimately resolved.

One challenge we encountered was difficulty in programming our ESP-32 Microcontroller.
Despite following the prescribed steps for programming, we consistently encountered the
following error in the Arduino Integrated Development Environment (Arduino IDE): “No serial
data received.” We conducted a thorough examination of various PCB solders to ensure the
absence of electrical shorts, verified the correctness of our component values, and explored
alternative programming methods such as manually pressing the GPIO 0 Strapping and Reset
push buttons. However, these efforts did not yield success. To resolve the issue, we conducted
extensive research by reviewing online forums and data sheets, and consulting with Teaching
Assistants. Ultimately, we identified the root cause as a resistor connected to GPIO 46, which
was not intended to be populated. Upon removing this resistor, we successfully programmed our

microcontroller.

We encountered another obstacle when one of our essential components, an AC-3.3 V DC
converter, did not arrive as expected. This component was critical for powering our low-voltage

subsystems. To address this setback, we devised an alternative solution by designing a Linear
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Regulator that accepts a 9 V input. By carefully selecting specific resistance values, we ensured
the regulator could output the required 3.3 V. We conducted rigorous testing to confirm the
proper operation of our linear regulator and its ability to output the correct voltage. We then

successfully integrated it into our system and achieved the desired functionality.

In the future, we plan to enhance our website. Presently, there is a potential vulnerability where
anyone with the IP address can modify the website. To mitigate this risk, we intend to implement
security measures to ensure that unauthorized modifications are prevented. Additionally, we
hope to restrict access to the website solely to students and faculty members. To achieve this, we
plan on integrating a Single Sign-On (SSO) login system. This will only allow authenticated
users to access the website. We also plan on miniaturizing our PCB and refining the overall

system's packaging with the goal of transforming our project into a marketable product.

On the surface, our project does not seem to present an ethical problem. However, a problem
could arise if this project were expanded to be more accurate using computer vision. This would
violate the privacy of the individuals using the study room (taken from the IEEE Code of Ethics
[6]). Hence, we will focus our efforts into making the PIR sensing system as accurate as possible.
Additionally, this system should easily integrate with the existing power lines in the ECEB study
and not pose a risk (electrocution, fire) to the users in the case of failure. Lastly, all team
members will be undergoing High-Voltage Training so we will be adequately trained to handle

the 120 V coming from the main power line.
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Appendix A

Requirement and Verification Table

Table 9: Requirement and Verification table for all subsystems

Requirement Verification Verification
Status
(Y or N)
Y
e The PIR sensor module Connect VCC and GND Pins of PIR
should output Logic Sensor to 5 V and GND respectively.
Low (0 V) when there Connect the OUT Pin of PIR Sensor to
1s no human present a Logic Analyzer.
Ensure no human is present in front of
the sensor.
To pass, the Logic Analyzer Trace
should remain at Logic Low for the
entire duration. Repeat 10 times and
ensure above behavior is observed at
least 9 out of 10 times.
Y

o The PIR sensor module
should output 3.3 V
(£0.3 V) digital pulse
when a human is
detected

Connect VCC and GND Pins of PIR
sensor to 5 V and GND respectively.
Connect the OUT Pin of PIR Sensor to
a Logic Analyzer.

Ensure no human is present in front of
the sensor and the Logic Analyzer
Trace remains at Logic Low.

Now, let a human walk in front of the
Sensor.

A logic high pulse should be seen on
the logic analyzer. Additionally, a
Voltmeter should be connected to the
OUT Pin in parallel and should read 3.3
V (£0.3 V) upon detecting a human.
Repeat 10 times and ensure above
behavior is observed at least 9 out of 10
times.
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Requirement

Verification

Verification
Status
(Y or N)

e Upon receivinga 3.3V

pulse from the sensing
submodule, the ESP32
should outputa 3.3 V
digital signal pulse to
the lighting module at a
constant rate for 5
minutes (£ 10 sec).

Connect the Output GPIO pin meant to
go to the Lighting Circuit to the Logic
Analyzer. Also, connect the output of
the PIR Sensor to the logic analyzer.
While no human is present, ensure that
Output of the PIR Sensor is Logic Low.
Now, let a human walk in front of the
sensor. Ensure that the pin meant to be
connected to the lighting submodule
outputs a logic high pulse at a constant
rate for 5 minutes (+ 10 sec) after the
falling edge of the pulse from the PIR
sensor is seen.

Repeat 10 times and ensure above
behavior is observed at least 9 out of 10
times.

Y

After not receiving a
pulse from the PIR
sensor for 5 minutes (+
10 sec), the ESP32
should output a
constant 0 V digital
signal to the lighting
submodule to turn the
light off.

Connect the Output GPIO pin meant to
go to the Lighting Submodule to the
Logic Analyzer. Also, connect the
output of the PIR Sensor to the logic
analyzer.

Let a human walk in front of the sensor.
Ensure that after the falling edge of the
pulse from the PIR sensor is seen, after
5 minutes (£ 10 sec), the output GPIO
pin outputs a Logic Low.

Repeat 10 times and ensure above
behavior is observed at least 9 out of 10
times.

When a 0 V signal is
sent to the Diac in the

lighting module, the
bulb should be unlit.

The input to the Diac should be
connected to GND (0 V). The rest of
the circuit should be connected as
shown in Figure 8.
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Requirement

Verification

Verification
Status
(Y or N)

Connect an oscilloscope to the terminal
corresponding to the light.

For this test to pass, the voltage should
be 0V (£0.3V)

Repeat 10 times and ensure above
behavior is observed at least 9 out of 10
times.

e Tuning the
Potentiometer modifies
the brightness of the
bulb.

Connect 120 V AC to the input of the
dimmer circuit. Connect the light bulb
to the output terminal

Tune the potentiometer to the lowest
extreme. Observe a dim brightness.
Gradually tune the potentiometer up
and observe the bulb brighten.

o The website update lag
should be within 10
seconds (2 sec).

As soon as movement is detected by the
sensor (indicated by the light turning
on), using a stopwatch, the time taken
for the room to be updated on the
website will be measured.

This test would be performed 20 times
and the mean time should be at most 10
seconds with a variance of 2 seconds.

e Linear regulator should
be able to output 3.3 V
(0.3 V).

Provide a 9 V input to the linear
regulator

Connect a Voltmeter to the output of the
linear regulator and ensure voltage
reading falls within the required
threshold.

Disconnect the battery and connect it
again

Repeat experiment 10 times and ensure
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Requirement Verification Verification
Status
(Y or N)

that voltage reading falls within the

expected threshold at least 9 out of 10

times
Cost Analysis Table

Table 10: All parts ordered and their cost

Description Manufacturer Quantity Total Cost |Link
BS-412 PIR Sensor Adafruit Industries LLC 3 $5.85|Link
BTA16-600CWRG Triac STMicroelectronics 2 $4.34|Link
MOC3020 Triac 6DIP Lite-On Inc. 10 $4.10|Link
IRM-05-3.3 MEAN WELL 4 $10.68|Link
KBP304G Full-bridge Rectifier |Diodes Incorporated 5 $4.15|Link
Resistor Kit Allecin 1 $7.99|Link
ESP32 Dev Board DFRobot 2 $14.76| Link
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https://www.digikey.com/en/products/detail/adafruit-industries-llc/4666/13175534
https://www.digikey.com/en/products/detail/stmicroelectronics/BTA16-600CWRG/603440?utm_adgroup=&utm_source=google&utm_medium=cpc&utm_campaign=PMax%20Supplier_Focus%20Supplier&utm_term=&utm_content=&utm_id=go_cmp-20243063242_adg-_ad-__dev-c_ext-_prd-603440_sig-Cj0KCQjwpc-oBhCGARIsAH6ote_R-eRiJCYzTx2eAmaeqQ-0FbAJv5lm4EtJWu9oOwhEjeXq9tyeo-IaAsaJEALw_wcB&gclid=Cj0KCQjwpc-oBhCGARIsAH6ote_R-eRiJCYzTx2eAmaeqQ-0FbAJv5lm4EtJWu9oOwhEjeXq9tyeo-IaAsaJEALw_wcB
https://www.digikey.com/en/products/detail/liteon/MOC3020/385842
https://www.digikey.com/en/products/detail/cui-inc./PBO-3C-5/13664879?utm_adgroup=General&utm_source=google&utm_medium=cpc&utm_campaign=PMax%20Shopping_Supplier_Bel%20CUI%20Inc_0102_Co-op&utm_term=&utm_content=General&utm_id=go_cmp-20560896208_adg-_ad-__dev-c_ext-_prd-13664879_sig-CjwKCAjwyNSoBhA9EiwA5aYlb_vjmc1lYiw1iKEOkTOPRWGcSHJp2DDwlgwnwmCGnFgvAPz9odE8WBoCP-wQAvD_BwE&gclid=CjwKCAjwyNSoBhA9EiwA5aYlb_vjmc1lYiw1iKEOkTOPRWGcSHJp2DDwlgwnwmCGnFgvAPz9odE8WBoCP-wQAvD_BwE
https://www.digikey.com/en/products/detail/diodes-incorporated/KBP304G/9768834?utm_adgroup=&utm_source=google&utm_medium=cpc&utm_campaign=PMax%20Shopping_Product_Medium%20ROAS%20Categories&utm_term=&utm_content=&utm_id=go_cmp-20223376311_adg-_ad-__dev-c_ext-_prd-9768834_sig-CjwKCAjwyNSoBhA9EiwA5aYlb40zxen9ukvo-JnGFUCEJ75scfJgSVgyh_R4Is3PjYJQoLjmg6VgGRoCtDoQAvD_BwE&gclid=CjwKCAjwyNSoBhA9EiwA5aYlb40zxen9ukvo-JnGFUCEJ75scfJgSVgyh_R4Is3PjYJQoLjmg6VgGRoCtDoQAvD_BwE
https://www.amazon.com/ALLECIN-Values-Resistor-Resistors-Assortment/dp/B0BTP6WYH1/ref=sr_1_2_sspa?crid=D4YEHUPJR7EX&keywords=resistor%2Bkit&qid=1695949631&sprefix=resistor%2Bkit%2Caps%2C165&sr=8-2-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&th=1
https://www.digikey.com/en/products/detail/dfrobot/DFR0478/7398878?utm_adgroup=&utm_source=google&utm_medium=cpc&utm_campaign=PMax%20Shopping_Product_Low%20ROAS%20Categories&utm_term=&utm_content=&utm_id=go_cmp-20243063506_adg-_ad-__dev-c_ext-_prd-7398878_sig-CjwKCAjwyNSoBhA9EiwA5aYlbyS-DRNprLPkZDQ0WDs8KA_2L-AT7kTr31VtZ7a-PLx5oYwVELrPQRoCW20QAvD_BwE&gclid=CjwKCAjwyNSoBhA9EiwA5aYlbyS-DRNprLPkZDQ0WDs8KA_2L-AT7kTr31VtZ7a-PLx5oYwVELrPQRoCW20QAvD_BwE

Description Manufacturer Quantity Total Cost |Link
Capacitor Kit Allecin 1 $9.99|Link
LTV-817 Photocoupler Lite-On Inc. 10 $3.80(Link
AMSI117 Regulator Bridgold 10 $7.99|Link
7133-11C UMW 10 $3.41|Link
PDBI181 Potentiometer Bourns Inc. 3 $4.56 | Link

Schedule
Table 11: Work schedule
Week Task Person
September 25th - | Order components for development and prototype Everyone
October 2nd
Research and finalize on dimmer and relay circuit Siddarth
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https://www.amazon.com/ALLECIN-Monolithic-Ceramic-Capacitor-Kit/dp/B0C1V8Q93P/ref=sr_1_2_sspa?crid=1GSZFQ8UHCYIS&keywords=capacitor+kit&qid=1695949887&sprefix=capaci%2Caps%2C103&sr=8-2-spons&sp_csd=d2lkZ2V0TmFtZT1zcF9hdGY&psc=1
https://www.digikey.com/en/products/detail/lite-on-inc./LTV-817/385836?utm_adgroup=&utm_source=google&utm_medium=cpc&utm_campaign=PMax%20Shopping_Product_Low%20ROAS%20Categories&utm_term=&utm_content=&utm_id=go_cmp-20243063506_adg-_ad-__dev-c_ext-_prd-385836_sig-CjwKCAjwyNSoBhA9EiwA5aYlb12OsZYwHQTr1-Ls4A-uLu1T0rsCHBlCutce6bp6l-AodfFevfuPHRoCwYYQAvD_BwE&gclid=CjwKCAjwyNSoBhA9EiwA5aYlb12OsZYwHQTr1-Ls4A-uLu1T0rsCHBlCutce6bp6l-AodfFevfuPHRoCwYYQAvD_BwE
https://www.amazon.com/Bridgold-AMS1117-5-0-AMS1117-5-0V-Regulator-Voltage/dp/B07NYQHQSJ/ref=asc_df_B07NYQHQSJ/?tag=hyprod-20&linkCode=df0&hvadid=642170445257&hvpos=&hvnetw=g&hvrand=14606657641407240657&hvpone=&hvptwo=&hvqmt=&hvdev=c&hvdvcmdl=&hvlocint=&hvlocphy=9022196&hvtargid=pla-1951106662515&psc=1&gclid=CjwKCAjwyNSoBhA9EiwA5aYlb244dp-kRAnFkG5-sI-oGm3VMuML1vcMPvS9pvM9xylVgNM4obmpUhoCeHsQAvD_BwE
https://www.digikey.com/en/products/detail/umw/HT7133-1/17635460?utm_adgroup=&utm_source=google&utm_medium=cpc&utm_campaign=PMax%20Shopping_Product_Medium%20ROAS%20Categories&utm_term=&utm_content=&utm_id=go_cmp-20223376311_adg-_ad-__dev-c_ext-_prd-17635460_sig-CjwKCAjwyNSoBhA9EiwA5aYlb54ikVWByrTySD3_p4XrQD0gNUu2VPr1C4p6fl6S6GTpt52_KanyTxoCRNkQAvD_BwE&gclid=CjwKCAjwyNSoBhA9EiwA5aYlb54ikVWByrTySD3_p4XrQD0gNUu2VPr1C4p6fl6S6GTpt52_KanyTxoCRNkQAvD_BwE
https://www.digikey.com/en/products/detail/bourns-inc./PDB181-K420K-503A2/699764?utm_adgroup=&utm_source=google&utm_medium=cpc&utm_campaign=PMax%20Shopping_Product_Low%20ROAS%20Categories&utm_term=&utm_content=&utm_id=go_cmp-20243063506_adg-_ad-__dev-c_ext-_prd-699764_sig-CjwKCAjwyNSoBhA9EiwA5aYlbwrRjiWodoTgS3WQAPhVdl9eaXbydyjVIIUTA4cJ4uZyIkey1MYSOBoCm6sQAvD_BwE&gclid=CjwKCAjwyNSoBhA9EiwA5aYlbwrRjiWodoTgS3WQAPhVdl9eaXbydyjVIIUTA4cJ4uZyIkey1MYSOBoCm6sQAvD_BwE

Week Task Person
Research on communication b/w ESP and server Ritvik
October 2nd - Finalize overall circuitry and complete first round of Everyone
October 9th PCB Design
Set up Server + Basic Front end and test out Ritvik
communication between ESP 32 and Server using Dev
Board
Test Dimmer and Relay circuitry on a Siddarth
breadboard/perfboard using an oscilloscope
Bring up sensor firmware and test using a Logic Ritvik/Siddart
Analyzer h
October 9th - Complete 2nd iteration of PCB Everyone
October 16th
Complete website front end and back end Ritvik
Complete first iteration of ESP 32 software Siddarth
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the requirements

Week Task Person
Assemble and test 1st iteration of PCB Everyone
October 16th - Complete final iteration of PCB Everyone
October 23rd
Assemble and test 2nd iteration of PCB Everyone
Continue development of firmware based on testing Everyone
October 23rd - Start 3D Printing Design for modules Ritvik
October 30th
Assemble and test 3rd iteration of PCB Everyone
Finalize penultimate Firmware iteration for ESP 32 Siddarth
October 30th - Finalize 3D Design and get it Printed Ritvik
November 6th
Assemble various submodules together and verify all Siddarth
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Week Task Person
November 6th - | Assemble final module including 3d printed casing Everyone
November 13th

Finalize firmware for ESP32 Everyone
November 13th - | Address any issues brought up at the mock demo Everyone

November 20th
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